Abstract The goal of this study was to evaluate the soil properties and their modifications within the rhizosphere of spontaneous vegetation as key factors to assess the phytomanagement of a salt marsh polluted by mining wastes. A field survey was performed based on a plot sampling design. The results provided by the analyses of rhizospheric soil (pH, electrical conductivity (EC), organic carbon, total nitrogen, etc.) and metal(loid)s' phytoavailability (assessed by EDTA) were discussed and related to plant metal uptake. The averages of pH and EC values of the bulk soil and rhizospheric samples were in the range of neutral to slightly alkaline (pH 7-8) to saline ([2 dS m -1 ), respectively. Heavy metal and As concentrations (e.g. *600 mg kg -1 As, *50 mg kg -1 Cd, *11,000 mg kg
Introduction
The spread of mining wastes into natural ecosystems has caused the contamination of huge areas worldwide (e.g. Dudka and Adriano 1997; Conesa and Schulin 2010) . Heavy metals containing mining wastes, such as Cd, Cu, Pb, or Zn, are known by their adverse effects on the environment and human health. Salt marsh and wetland ecosystems play an important ecological role due to the sustaining of endemic flora and fauna. The occurrence of salt marshes in the vicinity of mining areas may disturb their environmental quality and be a way of transferring pollutants into the food chain. It is known that within determinate thresholds, these ecosystems show some buffer capacity to external stresses and may immobilize and/or transform harmful compounds (Mitsch and Gosselink 2007) . However, high levels of pressure for long periods may lead to their irreversible deterioration (Viaroli et al. 2007) and to their transformation into sources of pollution (Weis and Weis 2004) .
The use of constructed wetlands to treat heavy metal wastewater coming from mining activities has been already shown by some authors (O'Sullivan et al. 2004; Á lvarezRogel et al. 2007a ). This role of 'green filter' is based on the biogeochemical processes which occur in wetlands, where vegetation plays an important role (Weis and Weis 2004) . In salt marshes, plant metal uptake is species dependent and is controlled by abiotic factors such as pH redox potential, metal speciation, and salinity (Dhir et al. 2009 ). The flooding dynamics in salt marshes cause changes in the aforementioned factors which constantly modify metal balance in the soil-plant system (Williams 2002) . In addition, vegetation in salt marshes plays an important role in controlling metal(loid)s' mobility since it is known that rhizosphere may modify soil parameters such as redox conditions, pH, organic matter content, and microbial activity (Wenzel 2009; González-Alcaraz et al. 2011) .
Plants can immobilize metals through uptake into roots or aboveground parts (Weis and Weis 2004) , forming rhizoconcretions or plaque onto roots (Prasad et al. 2006) or binding metals through the release of root exudates (Weis et al. 2002) . On the other hand, some authors have shown that part of the metals uptaked by plants may be released back to the environment via leaf excretions or leaf deposition onto topsoil (Weis et al. 2002; Caçador et al. 2009 ). In addition, metal leaching may also occur by rhizosphere acidification (Wang and Benoit 1996) and/or preferential flow through root pathways ). Therefore, it is necessary to determine the benefits and drawbacks of using plants to immobilize these metals (María-Cervantes et al. 2010 ). This option is called phytomanagement Domínguez et al. 2008 ) and describes the engineering or manipulation of soil-plant systems to control pollutant fluxes in the environment, reducing the environmental risks posed by elevated concentrations of these elements in the soil. Plants affect evapotranspiration rates; mobilize, immobilize, or extract metals and other chemicals from soil; introduce organic matter into soil; and also release a variety of chemicals by exudation ). This approach is adequate for the case of mining-polluted salt marshes, where the long-term ecological sustainability of the system is required in order to sustain an endemic flora and fauna.
The goal of this study was to evaluate the soil properties and their modifications within the rhizosphere of spontaneous vegetation as key factors to assess the further phytomanagement of a salt marsh polluted by mining wastes located at south-east Spain. For that purpose a soil and plant survey was performed in spring 2009 following a plot sampling design. The results provided by the analyses of soil parameters and metal bioavailability assessed with EDTA were discussed and related to plant metal uptake.
Materials and methods

Area description
Sampling site was located at the Marina del Carmoli salt marsh (240 ha, 37°41 0 N; 0°50 0 W, Fig. 1 ). The semi-arid climate of the zone is typically Mediterranean with an annual rainfall around 250-300 mm, concentrated mainly during spring and autumn. The annual average temperature is 18°C. The Marina del Carmoli belongs to the protected landscapes of the Mar Menor Lagoon (one of the biggest hypersaline coastal lagoons in the Mediterranean Sea). Two water courses flow into the salt marsh: the Rambla de Miranda, which receives the leachates from the nearby agricultural area of Campo de Cartagena Plain, and the Rambla del Miedo, which carries sediments from the former nearby mining area of Cartagena-La Unión (Á lvarezRogel et al. 2006) . The latter constituted an important mining area for more than 2,500 years, ceasing activity in 1991. The ore deposits of this zone have iron, lead, and zinc as the main metal components. Environmental consequences of mining waste discharges into the Mar Menor lagoon were already reviewed by Conesa and Jiménez (2007) .
Sampling
A plot sampling survey was performed employing 10 9 10 m 2 plots (in total, 9 plots). The study was focused in the area (of around 16 ha) within the salt marsh which, according to Jiménez-Cárceles et al. (2008) , was polluted by heavy metals (Fig. 1 ). Plots were distributed randomly through the selected area, and the existing plant species were recorded and sampled (Table 1) . Plant samples consisted of shoots and roots. For each selected plant species, three or more repetitions were taken. Each single root and green/dry shoot (when available) sample consisted of a composite sample taken by bulking three single subsamples of that species within a plot. Three repetitions of the corresponding rhizospheric soils were taken below the selected plant species. Each single soil sample consisted of a composite sample taken by mixing three rhizospheric soils of that species within a plot. The rhizospheric soil was obtained after shaking plant roots into plastic bags. In addition, a nonrhizospheric soil sample (bulk soil) was taken per plot consisting of a composite sample from four points.
Soils were air-dried, sieved to \2 mm, homogenized, and stored in plastic bags prior to laboratory analysis. Analyses pH and electrical conductivity (EC) were determined in a 1:2.5 soil:deionized water suspension (Rayment and Lyons 2011) using a Crison Basic 20 pH meter and Crison Basic 30 conductivimeter, respectively. Particle size distribution was determined following the method of Bouyoucos densimeter (Gee and Bauder 1986) . Equivalent calcium carbonate was determined using Bernard calcimeter (Hulseman 1966; Muller and Gastner 1971) . Total organic carbon (TOC) was measured by an automatic analyser (TOC-VCSH Shimadzu). Total nitrogen (TN) was determined using the Kjeldahl method (USDA 1996) .
The phytoavailable As, Cd, Cu, Mn, Pb, and Zn were extracted using a 1:5 soil:EDTA mixture (Quevauviller et al. 1998 ) that was shaken for 2 h. After filtering (Albet 145 filter, 1-11 lm pore diameter), the resulting extracts were analysed using an ICP-MS (Agilent 7500A, detection limit 0.002 mg L -1 ). The use of EDTA as a reagent for the assessment of metal(loid)s' phytoavailability has been widely applied in polluted sites (Nowack and Van Briesen 2005; Aguilar et al. 2007) .
Total As, Cd, Cu, Mn, Pb, and Zn were determined following the USEPA 3052 method (USEPA 1996) . An aliquot of 0.5 g soil was digested in Teflon tubes with 5 mL HNO 3 (65 %) and 2 mL HF (40 %) using a microwave digester (ETHOS Touch Control). The digests were filtered through an Albet 145 filter (1-11 lm pore diameter), diluted to 50 mL with H 3 BO 3 (5 %) acid, and analysed using an ICP-MS (Agilent 7500A, detection limit 0.002 mg L -1 ) for As, Cd, and Cu or an AAS (UNICAM 969, detection limit 0.2 mg L -1 ) for Mn, Pb, and Zn. Total soil concentration analyses were referenced using a CRM027-050 Certified Material (Resource Technology Corporation, USA). The percentage of recoveries were 112 % for As, 84 % for Cd, 117 % for Cu, 115 % for Mn, 78 % for Pb, and 100 % for Zn.
Plant samples (separated into green and dry shoots, when possible) were washed with distilled water, dried at 80°C for 72 h, and then ground using an IKA A11 basic mill. An aliquot of 0.6 g was digested using 5 ml of HNO 3
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Ramblade Miranda (2007) b Plant species non-native to this salt environment 50 % (v/v) ? 2.5 ml of a reagent solution containing Mg(NO 3 ) 2 Á6H 2 O 20 % (w/v) ? MgO 2 % (w/v) (Ybáñez et al. 1991) . The Mg reagent accelerates the oxidation of the organic matter and prevents the volatilization of As (Damkröger et al. 1997) . The porcelain crucibles containing the samples were put in a sand bath at a maximum temperature of 130°C until drying. The pellet obtained was incinerated in a muffle furnace at 450°C for 12 h prior to a metal redilution using 0.6 N nitric acid. The resulting extracts were filtered through an Albet 145 ashless filter paper (7-11 lm pore diameter), and then Cu, Mn, Zn, Cd, Pb, and As contents were measured using an ICP-MS (Agilent 7500A, detection limit 0.002 mg L -1 ). Plant analyses were referenced using a CTA-VTL-2 certified material (Virginia tobacco leaved). The percentage of recoveries were 110 % for As, 89 % for Cd, 119 % for Cu, 104 % for Mn, 96 % for Pb, and 100 % for Zn.
SPSS 15.0.0 (SPSS, Chicago, IL, USA) was used for all statistical analyses (t test). Differences at P \ 0.05 level were considered significant. Environmental gradients were examined with principal component analysis (PCA) using the 'CANOCO for Windows ' program v4.02 (ter Braak and Smilauer 1999) . This analysis can be applied to environmental variables in the 'role of species' (ter Braak and Smilauer 1999). The analysis was centred and standardized by species (i.e. environmental variables) according to Jogman et al. (1987) and ter Braak and Smilauer (1999) . Data were logarithmically transformed prior to analysis.
Results and discussion
Soil properties
The averages of pH values of the bulk and rhizospheric samples (Table 2) were in the range of neutral to slightly alkaline (pH 7-8) soils according to the classification proposed by USDA (2005) . Only three rhizospheric soils showed values lower than 7: A. stipularis, pH 6.53; P. australis, pH 5.72; and S. holoescens, pH 6.81. All the soil samples, both rhizospheric and bulk ones, showed (EC) values higher than 2 dS m -1 , and therefore, they can be considered as extremely saline (EC [ 2 dS m -1 ) according to the classification proposed by Alarcón-Vera (2004) to describe the agricultural soils in South Spain. The EC values showed higher variability than pH ones, which resulted in several significant differences in relation to bulk soils: A. stipularis (8.93 dS m -1 ), F. vulgare (2.70 dS m -1 ), and L. cossonianum (12.64 dS m -1 ). The total nitrogen (TN) and organic carbon (OC) values were higher in rhizospheric soils than in bulk samples, but these differences resulted only significant for TN in three cases: F. vulgare, L. cossonianum, and S. fruticosa. In relation to the particle size distribution, there were no significant differences between rhizospheric and bulk soils. The texture ranged from loam to clay loam.
Total and EDTA metal and As concentrations
The soils in the Marina del Carmoli salt marsh were found to be especially polluted with As, Cd, Pb, and Zn (Table 3) Compared to other European countries, the Zn and Pb soil concentrations obtained at the Marina del Carmolí surpassed the thresholds proposed for industrial use (1,500 mg kg -1 Zn and 1,000 mg kg -1 Pb) by Italy (Ministero dell'Ambiente dell'Italia 1999) and were more than 10 times higher than the Dutch intervention levels (720 mg kg -1 Zn and 530 mg kg -1 Pb) (MHSPE 2000). In general, rhizospheric soils showed higher total metal concentrations than bulk samples although both did not differ statistically for most of metals (Table 3 ). The same occurred for EDTA-extractable concentrations.
Plant metal and As uptake
The highest metal (except Mn) and As concentrations in roots (Fig. 2) Cu for dry shoots. Only for certain metals some species behaved oppositely, as it was the case of Zn in A. stipularis, or Cu in A. macrostachyum.
Influence of soil parameters on plant colonization
The colonization of metal-polluted sites, and especially mining wastes, is normally slow because their physicochemical characteristics are not favourable for most of plant species. As a result, only metal-tolerant plant species are able to grow in these sites (Conesa et al. 2006) . The time persistence of pollutants may decrease the community richness, due to the non-germination of seeds of non-tolerant species, which may lead to the exhaustion, with the time, of the diaspore bank (Trubina 2009). Conesa et al. (2006) affirmed that the colonization of mining wastes by pioneer vegetation is more affected by salinity and pH than by heavy metals. Several reviews performed on mining revegetation issues in semi-arid areas concluded that water scarcity and nutrient deficiency were important constraints for the phytostabilization of mining wastes (Mendez and Maier 2008; Conesa and Schulin 2010) . For the specific case of mining-polluted salt marshes in coastal semi-arid areas, water availability is not expected to be a major constraint for plant development because water table can be easily explored by plant roots. In addition, in the case of the Marina del Carmoli, the nutrient-enriched waters of the local streams coming from the nearby intensive agricultural area of Campo de Cartagena flow into the salt marsh and provide high quantities of nutrients to the local vegetation (Á lvarez-Rogel et al. 2007b) . In fact, the Marina del Carmoli salt marsh has been shown to act as a green filter which decreases the inputs of nutrient-enriched water into de Mar Menor lagoon (Á lvarez-Rogel et al. 2007a ).
The comparison between bulk and rhizospheric soil samples of the metal-polluted area from the Marina de Carmoli salt marsh showed that factors such as pH or heavy metal concentrations were not the key for explaining plant colonization. However, EC values showed higher differences among the different rhizospheric soils studied: from 2.7 dS m -1 of A. stipularis and F. vulgare, to 10-12 dS m -1 of H. portulacoides, L. cossonianum, and S. fruticosa. This revealed that salinity played a more important role in determining plant establishment than metal pollution in spite of representing the latter the main gradients in the PCA (Fig. 3) . It was hypothesized that a distribution based on low/high-salinity patches and not following gradients has determined the vegetation distribution within the sampled area. Figure 3 showed that the rhizospheric soils were distributed through the entire graph and that salinity (expressed as EC) had a minor influence on the environmental gradient. In fact, the main variables which had influence on soil conditions were the concentrations of Cd e , Cd t , Mn e , Zn e , and Zn t , and pH. The variability along the Y axes was due to Cu t , Pb t , and As t (on the positive side) and sand, CaCO 3 , and Mn t (on the negative side). Most of the EDTA-extractable metal(loids)s (Zn e , Cu e , Pb e , and As e ) correlated with OC and TN (quadrant I of the diagram) but not with their respective total concentrations (Cut, Pb t , and As t lay in quadrant I). It might be hypothesized that the bioavailability of these metals could have been enhanced in the rhizospheric soils, which were shown to have higher TN and OC contents. Moreover, most of the bulk soil samples were depicted on T. boveana 7.06 ± 0.43 5.40 ± 0.93 1.38 ± 0.63 14.2 ± 6.5 28.5 ± 27.6 26.1 ± 13.9 47.0 ± 14.7 27.0 ± 14.8
EC electrical conductivity of the 1:2.5 soil:water suspension, TN total nitrogen, OC organic carbon, CaCO 3 calcium carbonate content. Data are average ± standard error. N = 9 for bulk samples; N = 3 or 4 for soil rhizospheric samples. '*' means that there were significant differences in relation to the bulk soil (P \ 0.05) Table 3 Total and EDTA-extractable metal and As concentrations of the rhizospheric and bulk soil samples 0.28 ± 0.08 86 ± 21* 51 ± 11* 235 ± 15 47 ± 6 3,120 ± 1,140 787 ± 324 10,600 ± 1,940 2,270 ± 597* 25,100 ± 4,700* 9,070 ± 2,800
J. maritumus Fig. 2 Metal and As plant uptake for each plant species. Black bar on columns represents standard deviation (N = 3). *Means that samples were below the detection limit. Black columns represent roots, white columns green shoots, and square filled columns dry shoots (only in A. macrostachyum, A. stipularis, A. halimus, H. portulacoides, S. fruticosa, S. vera, and T. boveana) the negative side of Y axes which showed lower OC and TN, together with lower EDTA-extractable Zn e , Cu e , Pb e , and As e concentrations. Mn t was strongly correlated with CaCO 3 as it could be seen in Fig. 3 where their respective arrows are almost coincidental. The latter was in agreement with the findings of Jiménez-Cárceles et al. (2008) that showed that most of the Mn present in the Marina del Carmoli was bound to carbonates.
According to Conesa et al. (2007a) , pioneer vegetation may 'invade' mining wastes by three mechanisms: (1) improving soil properties by releasing root exudates, which favours the further growing and establishment of the plant species; (2) growing at patches where soil conditions are more favourable for initial plant establishment (water availability, lower salinity, etc.) and successively 'improve' the quality of the colonized soil; and (3) selectively root growth into the soil, taking advantage of the heterogeneity in the distribution of metals, that is, by avoiding the most contaminated patches. Although no significant differences occurred, nitrogen and organic carbon contents were higher in the rhizospheric soils than in the bulk soil samples. As it is known, rhizosphere may be enriched with root exudates and support more microbiological activity than bulk soil (Carrasco et al. 2006 ). This may facilitate the plant establishment and ameliorate phytotoxicity.
Finally, some of the species from the Marina del Carmoli are able to grow through rhizomes (e.g. P. australis, L. spartum, J. maritimus), which has been shown to be a more suitable way of success in the colonization of mining wastes by pioneer vegetation (Conesa et al. 2007a ).
Metal phytoavailability changes in the rhizosphere assessed by EDTA The rhizospheric soils of the plant species sampled in the Marina del Carmolí showed slightly higher total, EDTA, metal, and As concentrations than in the bulk soil samples. This behaviour agrees with the results of Almeida et al. (2006) that found higher total metal concentrations in the rhizosphere of J. maritimus than in the surrounding bulk soil. The reason for this metal enrichment could be explained by the formation of metal-enriched concretions on the roots of plant species at salt marshes (Sundby et al. 1998 ). In addition, this behaviour has been also shown by Conesa et al. (2006) as L. spartum and P. australis which also were present at the Marina del Carmoli. The ratios EDTA/total concentrations (data not shown) showed no differences when comparing bulk soil samples and the rhizospheric ones, which indicated that the bioavailability assessed by EDTA was not influenced by rhizosphere. In spite of being widely employed for the assessment of plant metal bioavailability in polluted soils (Aguilar et al. 2007) , it might be admitted that EDTA could not be the most suitable reagent to assess metal bioavailability changes in the rhizosphere of high salty metal-polluted soils and then weaker reagents could be used instead. Furthermore, it has been shown that in highly polluted soils, EDTA is able to extract between 40 and 100 % of the total Pb . However, the differences occurred when comparing metals. Cadmium showed the highest values for the ratio EDTA/total concentration (*60 %). For Mn and Zn this ratio ranged between 25 and 45 %, while for Cu and Pb it was of around 20 %. Previous works have shown that Cd and to a lesser extent Cu and Zn are more available under high-salinity conditions (Du Laing et al. 2009a ).
Plant species and metal uptake Some of the plant species found in the Marina del Carmoli salt marsh, such as D. viscosa, L. cossonianum, L. spartum, P. australis, or T. boveana, have been found growing in tailings from the nearby Cartagena-La Unión area (Conesa et al. 2007b) .
Among the species sampled, two groups could be distinguished:
(a) a group composed of plant species which are characteristic of salt marshes such as P. australis, A. macrostachyum, or S. Fruticosa. Most of these species can be considered as halophyte and therefore are adapted to grow in extremely salty environments. Several authors have shown the relation between salttolerant mechanisms in halophyte species and metal tolerance (Otte 2001) . For instance, halophyte plant species have been shown to have a better system to compartmentalization of salts, well-developed antioxidant system, and osmoprotectants that may also act in case of metal stress (Manousaki and Kalogerakis 2011); (b) a group of plant species, which are exogenous to these salt marsh ecosystems but that are able to colonize disturbed environments. In this group plant species such as D. viscosa, F. vulgare, or A. stipularis were included. The introduction of exogenous plant species with lower ecological requirements may promote the recovery of the soil quality by improving soil structure and microbial activity and increasing organic matter content. Therefore, it may contribute positively to the site phytomanagement. However, the establishment of these exogenous species may disturb the ecological relationships of the ecosystem in the long term. Then, it is necessary to monitor the ecological relationships of the plant species involved to ensure that the decrease in the environmental risks is compatible with the maintaining of the local biodiversity.
The uptake into shoots showed in Fig. 2 (e.g. up to 12 mg kg -1 Cd, up to 16 mg kg -1 Cu, or up to 800 mg kg -1 Zn) was lower than the thresholds which Brooks (1998) proposed for hyperaccumulators (100 mg kg -1 Cd, 5,000 mg kg -1 Cu, and 10 000 mg kg -1 Zn). Cadmium concentrations in P. asutralis shoots (*4.5 mg kg -1 ) were about 10 times higher than those found by other authors in metal-polluted intertidal freshwater and brackish water marshes (Du Laing et al. 2009b ). This should probably be attributed to the role of salinity, in more particular to the increased cation exchange and Cd-chloride complex formation with higher EC, which increases Cd bioavailability and mobility (Usman et al. 2005; Du Laing et al. 2008) .
Moreover, the concentrations uptaked were higher than some of the maximum levels tolerated by live stock proposed by Chaney (1989) , for example, 0.5 mg kg -1 Cd, 30 mg kg -1 Pb, or 300 mg kg -1 Zn. Furthermore, factors such as metal-rich dust particles adhering to the surfaces or the direct ingestion of soil by cattle may play an important role for the transfer of the metals into the food chain ).
An important issue refers to those plant species which may be consumed by the population such as A. stipularis, S. fruticosa, or F. vulgare. The metal concentrations uptaked by these species were compared with the maximum thresholds for food safety established by the European Community (2001) for Pb (0.1 mg kg -1 ) and Cd in fresh vegetables and fruits (0.05 mg kg -1 ). The concentrations obtained in the plant samples and showed in Fig. 2 (up to 2.6 mg kg -1 Pb and up to 1.15 mg kg -1 Cd, fresh weight) were higher than the aforementioned thresholds.
No general trend was observed in relation to metal concentrations when comparing green shoots and dry shoots. It is known that some plant species may develop mechanisms of metal tolerance based on excretion by leaves and deposition onto soil. For instance, Manousaki et al. (2008) studied Tamarix smyrnensis (a typical salt marsh species) and its response to solution with increasing salinity and Cd concentrations, concluding that the mechanisms of salt excretion in the leaves of this species were also employed to excrete Cd.
Bioconcentration and accumulation factors
Plant metal accumulation is often expressed as a bioconcentration factor (BF). It is calculated as the dry plant tissue/soil metal concentration quotient (Mattina et al. 2003) . McGrath and Zhao (2003) considered \0.2 normal for plants growing on polluted materials. For most of metals and plant species studied at the Marina del Carmolí salt marsh, BF values were below 0.2 for both roots (BF ROOT ) and shoots (BF SHOOT ). However, for Cd some species showed values between 0.2 and 1 (BF ROOT ). For instance, P. australis and S. holoschoenus showed BF ROOT of around 0.5-0.6. P. australis also reached BF ROOT of 0.4 for Mn and 0.2 for Cu and Zn. It is known that plant species such as P. australis have low translocation of metals into shoots and tend to accumulate metals into roots (Burke et al. 2000) . BF SHOOTS were in general lower than BF ROOTS except for A. halimus.
The accumulation factor (AF) (data not shown) indicates the efficacy of metal translocation from roots into shoots (Fitz and Wenzel 2002) . Also called translocation factor (Mattina et al. 2003) , it is the shoot/root metal concentration quotient. Excluder plants have AF values (1, whereas for hyperaccumulators it is )1. The green shoot/root metal concentration was employed to calculate this ratio. In general, AF values were below 1, except D. viscosa which showed AF of around 2 for Cd and Mn; A. halimus, with AF values of 6 for Cd, 3 for Mn, and 4 for Zn; and finally, H. portulacoides which showed AF of around 6 for Mn, 3 for Pb, and 2 for Zn. Similar to the results showed in this study, Gonzalez-Fernandez et al. (2011) obtained AF of 2 for Zn and 1.5 for Pb in shoots of D. viscosa from the nearby mining area.
Conclusion
The assessment of bioavailability of metals and As between rhizospheric and bulk soil samples in a miningpolluted Mediterranean salt marsh did not show significant differences. Vegetation distribution in the polluted area of the Marina del Carmoli looked to be more affected by salinity patches than by metal pollution. It can be hypothesized that the free availability of water and the incoming nutrient-enriched waters which flow through the salt marsh may have hindered the phytotoxic effects of metal pollution.
The phytomanagement of these polluted areas employing the spontaneous vegetation is a good option in order to improve the ecological indicators of the soil and to prevent the erosion and transport of pollutants to nearby areas, but it must be compatible with the maintenance of low levels of metal transfer into the food chain. The fencing of some areas in La Marina del Carmoli salt marsh should be considered by authorities to prevent cattle or people of consuming plants with high metal shoot uptake such as Sarcocornia fruticosa or Arthrocnemum macrostachyum.
